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Abstract of JP 2003168650 (A) 

PROBLEM TO BE SOLVED: To provide a vapor 
phase growth unit that can secure an excellent film 
thickness distribution by means of a relatively simple 
constitution, and to provide a method of 
manufacturing epitaxial wafer using the system. ; 
SOLUTION: The vapor phase growth unit 1 is 
constituted as a single-wafer vapor phase growth 
unit. Source gas G is introduced into the body 2 of a 
reaction chamber 2 from a gas inlet port 21. A bank 
member 23 is arranged around a susceptor 12 and 
the source gas G from the port 21 flows along the 
main surface of a single-crystal silicon substrate W 
placed on the susceptor 12 after the gas G comes 
into collision with the outer peripheral surface 23b of 
the bank member 23 and runs on the top face 23a of 
the member 23. Between the gas inlet port 21 and 
member 23, a plate-shaped baffle 26 is arranged. In 
the baffle 26, gas communicating holes 26a are 
formed so that the holes 26a become asymmetrical 
to each other with respect to a reference plane 
([alpha]) which divides the vapor phase growth unit 
1 into two equal parts in the lateral direction. ; 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]lt is a vapor phase growth system to which a main table side of a silicon single 
crystal substrate is made to carry out vapor phase epitaxy of the silicon single crystal film, It 
has the main part of a reaction vessel by which a gas inlet was formed in the first end side 
which can be set horizontally, and gas exhaust was similarly formed in the second end 
side, Material gas for silicon single crystal film formation is introduced in said main part of a 
reaction vessel from said gas inlet, After said material gas flows into an abbreviated level in 
a building envelope of this main part of a reaction vessel along said main table side of said 
silicon single crystal substrate by which rotation maintenance is carried out, While said 
silicon single crystal substrate is arranged on a disc-like susceptor which it is constituted so 
that it may be discharged from said gas exhaust, and is rotated in said building envelope 
and surrounding said susceptor, Bank material is arranged in physical relationship whose 
upper surface corresponds with the upper surface of this susceptor, The opening of said 
gas inlet is carried out in a form which counters a peripheral face of said bank material, In a 
vapor phase growth system constituted so that it might flow along a main table side of said 
silicon single crystal substrate on said susceptor after said material gas from this gas inlet 
hit a peripheral face of said bank material and ran aground to the upper surface side, A 
virtual center line along a flow direction of said material gas which intersects 
perpendicularly with axis of rotation of said susceptor from said first end of said main part of 
a reaction vessel, and results in said second end is made into a horizontal center line, 
When a direction which intersects perpendicularly with both sides of this horizontal center 
line and said axis of rotation is made into the cross direction and a fiat surface vertical to 
said cross direction is further defined as a base plane including said horizontal center line, 
A vapor phase growth system, wherein a baffle with which a gas stream through-hole was 
formed is arranged between said gas inlet and said bank material and a formation gestalt of 
said gas stream through-hole is made unsymmetrical about said base plane. 
[Claim 2]Have said baffle and a tabular gestalt said gas stream through-hole, It is formed in 
said baffle so that more than one may be located in right and left of said base plane every, 
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respectively, The vapor phase growth system according to claim 1 currently adjusting so 
that the total area which said gas stream through-hole in a section vertical to a board 
thickness direction of said baffle occupies may become equal by right and left of said base 
plane. 

[Claim 3]Have said baffle and a tabular gestalt said gas stream through-hole, Every to right 
and left of said base plane, respectively When it is formed in said baffle so that it may be 
located, and a virtual gestalt which becomes symmetrical about said base plane is further 
made into a reference position of said gas stream through-hole, [ two or more ] The vapor 
phase growth system according to claim 1 or 2, wherein said gas stream through-hole is 
formed in a position shifted from said reference position crosswise [ said ] on the whole in 
either right or left of said base plane. 

[Claim 4]While said gas stream through-hole is formed so that it may become the same 
number by right and left of said base plane, The vapor phase growth system according to 
claim 1 or 2 constituting so that two or more kinds of gas stream through-hole segments 
may be set up as a set gestalt of two or more of said gas stream through-holes and 
arrangement of these gas stream through-hole segment may become unsymmetrical about 
said base plane. 

[Claim 5]ln either right or left of said base plane, so that said furthest gas stream through- 
hole segment from said base plane may turn into said nearest gas stream through-hole 
segment from said base plane, The vapor phase growth system according to claim 4 
constituting so that a formation gestalt of said gas stream through-hole may become 
symmetrical about said base plane when arrangement of said gas stream through-hole 
segment is reversed. 

[Claim 6]A gas guidance member which turns said material gas from said gas inlet to said 
bank material, and draws it between said gas inlet and said bank material, A vapor phase 
growth system given in any 1 paragraph of claims 1 thru/or 5 arranging between said gas 
inlet and said bank material in a form distributed to right and left to said horizontal center 
line in said cross direction. 

[Claim 7]Said silicon single crystal substrate is arranged in said reaction vessel of a vapor 
phase growth system given in any 1 paragraph of claims 1 thru/or 6, A manufacturing 
method of an epitaxial wafer obtaining an epitaxial wafer by circulating said material gas in 
this reaction vessel, and carrying out vapor phase epitaxial growth of said silicon single 
crystal film on said silicon single crystal substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the vapor phase growth system for making 
the main table side of a silicon single crystal substrate carry out vapor phase epitaxy of the 
silicon single crystal film, and the manufacturing method of the epitaxial wafer realized 
using it. 
[0002] 

[Description of the Prior Art]The silicon epitaxial wafer which formed the silicon single 
crystal film (it is only hereafter called a "thin film" for short) in the main table side of a silicon 
single crystal substrate (it is only hereafter called a "substrate" for short) with vapor phase 
growth is widely used for electron devices, such as a bipolar IC and MOS-IC. And in 
connection with the minuteness making of an electron device, etc., the demand to the 
flatness of the epitaxial wafer main table side which makes an element and is crowded is 
becoming increasingly severe. As a factor which has on flatness, there are display flatness 
of a substrate and thickness distribution of a thin film. By the way, it replaces with the way 
recent years, for example, a diameter, carry out batch processing of two or more wafers in 
manufacture of the epitaxial wafer beyond 200 mm thru/or it, and a single-wafer-processing 
vapor phase growth system is becoming in use. This carries out rotation maintenance of 
the one substrate horizontally into a reaction vessel, and it carries out vapor phase epitaxy 
of the thin film, supplying material gas to the abbreviated level and one way from one end 
of a reaction vessel to the other end. 

[0003]ln the above single-wafer-processing vapor phase growth systems, when attaining 
thickness equalization of the thin film formed, there is the flow of material gas or flow 
distribution in a reaction vessel as an important factor. In the single-wafer-processing vapor 
phase growth system, after material gas is usually supplied from the gas inlet formed in the 
end part of a reaction vessel via the gas supply line and material gas flows along a 
substrate face, it has structure discharged from the outlet by the side of the container other 
end. In the vapor phase growth system of such a structure, in order to reduce flow 
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nonuniformity, the device which formed the distributor which formed many holes in the 
downstream of a gas inlet conventionally, or provided the divider plate into which a gas 
stream is divided crosswise is proposed. 

[0004]To JP,7-193015A the material gas from a gas inlet is passed towards the peripheral 
face of the bank material arranged around the susceptor which supports a substrate, and 
the device which supplies material gas to the surface of the substrate W in the form where 
bank material is made to be overcome is indicated. The main point of this method will make 
it distribute by applying a material gas style to the peripheral face of bank material, and will 
cancel the nonuniformity of a flow. 
[0005] 

[Problem(s) to be Solved by the lnvention]ln the case of the device of said JP, 7-1 9301 5,A, 
the material gas which hit the peripheral face of bank material becomes a form which 
produces the flow which is going to overcome bank material, and the flow which tries to go 
to a transverse direction along a peripheral face. In this case, it is important when that 
material gas distributes uniformly along ****** and by extension, the above-mentioned cross 
direction of bank material cancels flow nonuniformity by the flow of that transverse 
direction. However, depending on the outer peripheral surface shape of bank material, 
material gas may not necessarily distribute uniformly crosswise, but a bias may be 
produced with a flow. The gas G by which especially near [ in / as shown in drawing 8 , 
when the shape of the peripheral face 23b of bank material is cylinder surface state / the 
cross direction WL ] both ends hit since the peripheral face 23b inclined greatly escapes 
easily outside, and flow nonuniformity ****** has a problem which is easy to produce the 
unevenness of thickness. Since the peripheral face 23b of cylinder surface state is 
symmetrical in the cross direction WL, it serves as distribution also with symmetrical flow 
distribution of the gas stream produced in this easily, therefore — as opposed to the axis of 
rotation O of the substrate W — right and left — it becomes easy to produce flow 
nonuniformity with the same tendency as the same position, and the influence of flow 
nonuniformity on either side laps, and it becomes easy to be connected unusually [ big 
thickness ] in the specific position of the radial direction of the rotating substrate W. 
[0006]There is a technical problem of this invention in providing the vapor phase growth 
system which can reduce effectively the influence of the flow distribution of the cross 
direction in a reaction vessel with a comparatively simple mechanism, and can secure good 
thickness distribution accuracy by extension, and the manufacturing method of the epitaxial 
wafer using it. 
[0007] 

[Means for Solving the Problem and its Function and Effect]ln order for this invention to be 
a vapor phase growth system to which a main table side of a silicon single crystal substrate 
is made to carry out vapor phase epitaxy of the silicon single crystal film and to solve the 
above-mentioned technical problem, It has the main part of a reaction vessel by which a 
gas inlet was formed in the first end side which can be set horizontally, and gas exhaust 
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was similarly formed in the second end side, Material gas for silicon single crystal film 
formation is introduced in a main part of a reaction vessel from said gas inlet, After material 
gas flows into an abbreviated level in a building envelope of this main part of a reaction 
vessel along a main table side of a silicon single crystal substrate by which rotation 
maintenance is carried out, While a silicon single crystal substrate is arranged on a disc-like 
susceptor which it is constituted so that it may be discharged from gas exhaust, and is 
rotated in a building envelope and surrounding a susceptor, Bank material is arranged in 
physical relationship whose upper surface corresponds with the upper surface of this 
susceptor, Carry out the opening of the gas inlet in a form which counters a peripheral face 
of bank material, and material gas from this gas inlet, In a vapor phase growth system 
constituted so that it might flow along a main table side of a silicon single crystal substrate 
on a susceptor after hitting a peripheral face of bank material and running aground to the 
upper surface side, A virtual center line along a flow direction of material gas which 
intersects perpendicularly with axis of rotation of a susceptor from the first end of a main 
part of a reaction vessel, and results in the second end is made into a horizontal center line, 
When a direction which intersects perpendicularly with both sides of this horizontal center 
line and axis of rotation is made into the cross direction and a vertical flat surface is further 
defined crosswise as a base plane including a horizontal center line, between a gas inlet 
and bank material, A baffle with which a gas stream through-hole was formed is arranged, 
and a formation gestalt of a gas stream through-hole is made unsymmetrical about a base 
plane. 

[0008]A manufacturing method of an epitaxial wafer of this invention, An epitaxial wafer is 
obtained by arranging a silicon single crystal substrate in a reaction vessel of the above- 
mentioned vapor phase growth system, circulating material gas in this reaction vessel, and 
carrying out vapor phase epitaxial growth of the silicon single crystal film on a silicon single 
crystal substrate. 

[0009]ln the conventional vapor phase growth system, it was a specific position of a radial 
direction of the rotating substrate W, and influence of flow nonuniformity on either side laps, 
and it was easy to be connected unusually [ big thickness ]. Then, when changing how to 
flow through material gas by right and left of bank material which encloses a susceptor, this 
invention persons think that flow nonuniformity will deny and suit by right and left of a 
susceptor to rotate, and came to complete this invention. Concretely, in a vapor phase 
growth system of this invention, in order to control a flow of material gas, a gas stream 
through-hole formed in a baffle arranged between a gas inlet and bank material is adjusted 
so that it may become right-and-left asymmetry. 

[0010]By the above-mentioned composition, gas mass flow distribution on either side can 
be made unsymmetrical about a base plane. That is, even though there is a phenomenon 
in which material gas is unevenly distributed on a wafer, or a phenomenon in which the 
rates of flow differ, fault that right and left of a base plane show an identical trend is 
extinguished. Since a wafer in a process is rotating, if flow nonuniformity of an identical 
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trend has not arisen in right and left of a base plane, it stops producing big abnormalities in 
thickness based on flow nonuniformity on either side lapping. Not only it but an effect that 
flow nonuniformity on either side offsets each other mutually, and suits is expectable. 
Therefore, a thin film of more uniform thickness distribution can be obtained. 
[001 1]About "base plane, concretely [ right-and-left asymmetry" ] A thing of shape of the 
number of gas stream through-holes, and a gas stream through-hole, and a size of a gas 
stream through-hole for which either is changed by one side of a base plane, and the other 
side at least, Or even if they are the same, when a base plane is made into a reflection 
plane, it means not becoming reflectional symmetry. However, a gap of an error produced 
after a design, for example, an about 1-2-mm position, and a minute difference of shape of 
a gas stream through-hole or a size shall not be included while it is unsymmetrical. It does 
not necessarily mean [ "bank material is arranged in physical relationship whose upper 
surface corresponds with the upper surface of a susceptor", and ] that the upper surface of 
bank material and the upper surface of a susceptor are thoroughly in agreement, but it is 
considered that a difference in a position up to about 2 mm is in agreement. 
[0012] 

[Embodiment of the lnvention]Hereafter, an embodiment of the invention is described 
based on an attached drawing. Drawing 1 - drawing 4 show typically an example of the 
vapor phase growth system 1 concerning this invention. Drawing 1 is an exploded 
perspective view which the side sectional view and drawing 2 turn off the enlarged drawing 
near the material gas induction of drawing 1 , drawing 3 cuts the top view of the vapor 
phase growth system 1 of drawing 1 , and drawing 4 cuts a part of important section of the 
vapor phase growth system 1 of drawing 1 , and is lacked and shown. This vapor phase 
growth system 1 has the main part 2 of a reaction vessel by which the gas inlet 21 was 
formed in the first end 31 side which can be set horizontally, and the gas exhaust 36 was 
similarly formed in the second end 32 side, as shown in drawing 1 . Material gas G for thin 
film forming is introduced in the main part 2 of a reaction vessel from the gas inlet 21 , and 
after flowing into the abbreviated level along the main table side of the substrate W by 
which rotation maintenance is carried out in the building envelope 5 of this main part 2 of a 
reaction vessel, it is constituted so that it may be discharged through the exhaust pipe 7 
from the gas exhaust 36. 

[0013]Material gas G is for carrying out vapor phase epitaxy of the silicon single crystal film 
on the above-mentioned substrate W, and is chosen from silicon compounds, such as 
SiHCL, SiCL, SihLCL, and SiH,. B 0 H C or PH as DOPANDOGASU, H 0 as dilution gas, 

N 2 , Ar, etc. are suitably blended with material gas G. When performing substrate 

pretreatment (for example, solvent wiping removal of a natural oxidation film or an adhesion 
organic matter) in advance of vapor-phase-epitaxy processing of a thin film, The gas for 
pretreatment which diluted with dilution gas the corrosive gas suitably chosen from HCI, 
HF, CIF NF , etc. is supplied in the main part 2 of a reaction vessel, or high temperature 



http://ww4.ipdl.inpit^ 7/17/2009 



JP,2003-168650,A [DETAILED DESCRIPTION] 



Page5 of 12 



heat treatment is performed in H 2 atmosphere. 

[0014]As shown in drawing 1 , in the building envelope 5 of the main part 2 of a reaction 
vessel. The disc-like susceptor 12 rotated by the motor 13 around the vertical axis of 
rotation O is arranged, and the one substrate W for manufacturing a silicon epitaxial wafer 
in the spot facing 12b formed in the upper surface is arranged. That is, this vapor phase 
growth system 1 is constituted as a single-wafer-processing vapor phase growth system. 
The diameter of the substrate W is 100 mm or a thing beyond it, for example. 
Corresponding to the arrangement area of the substrate W, the infrared heat lamp 1 1 for 
substrate heating is arranged with the prescribed interval at the upper and lower sides of 
the package body 2. 

[0015]ln the building envelope 5, the bank material 23 is arranged so that the susceptor 12 
may be surrounded, as shown in drawing 3 . As shown in drawing 2 , the bank material 23 is 
arranged in the physical relationship in which the upper surface 23a abbreviated- 
corresponds with the upper surface 12a (as a result, main table side of the substrate W) of 
the susceptor 12. As shown in drawing 1 , are carrying out the opening of the gas inlet 21 in 
the form which counters the peripheral face 23b of the bank material 23, and material gas 
G from this gas inlet 21 , As shown in drawing 2 or drawing 4 , after hitting the peripheral 
face 23b of the bank material 23 and running aground to the upper surface 23a side, it 
flows along the main table side of the substrate W on the susceptor 12. According to this 
embodiment, the peripheral face 23b of the bank material 23 is made into the cylinder 
surface state corresponding to the shape of the susceptor 12. The upper surface 12a of the 
susceptor 12 which the preheating ring 22 for soaks formed in tabular is arranged along the 
internal circumference edge of the bank material 23, and is arranged at the inside is the 
upper surface 22a (refer to drawing 2 ) of this preheating ring 22, and an approximately 
same side. 

[0016]ln the vapor phase growth system 1 of this embodiment, the virtual center line along 
the flow direction of material gas G which intersects perpendicularly with the axis of rotation 
O of the susceptor 12 from the first end 31 of the main part 2 of a reaction vessel, and 
results in the second end 32 is set to horizontal-center-line HSL. And let the direction which 
intersects perpendicularly with both sides with the axis of rotation O of horizontal-center-line 
HSL and the susceptor 12 be the cross direction WL. A flat surface vertical to the cross 
direction WL is defined as the base plane alpha including horizontal-center-line HSL. That 
is, drawing 1 and drawing 2 show the sectional view of the vapor phase growth system 1 in 
the base plane alpha. 

[0017]Now, as shown in drawing 3 , the baffle 26 with which the gas stream through-hole 
26a used as the distribution channel of material gas G was formed between the gas inlets 
21 A and 21 B and the bank material 23 is arranged. The gas stream through-hole 26a is 
formed so that the cylindrical shape of the diameter of constant penetrated to the flow 
direction of material gas G may be made and it may become right-and-left asymmetry 
about the base plane alpha (refer to drawing 4 ). Since G is comparatively heavy gas, 
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material gas has a limit also in making it distribute uniformly. Then, even if it dares to 
change flow distribution of material gas G by the right and left of the base plane alpha and 
flow nonuniformity arises, becoming an identical trend by the right and left of the base plane 
alpha only avoids. Since rotation support is carried out by the susceptor 12, the substrate 
W under epitaxial growth stops then, producing the big abnormalities in thickness based on 
flow nonuniformity on either side lapping. 

[0018]As shown in drawing 4 , the baffle 26 has a tabular gestalt, and the gas stream 
through-hole 26a is formed in the baffle 26 so that more than one may be located in the 
right and left of the base plane alpha every, respectively. According to this embodiment, the 
long sheet member made from quartz of one sheet arranged so that the base plane alpha 
may be straddled is adopted as the baffle 26. However, it is also possible to arrange as two 
or more copy material individually corresponding to each of the gas inlets 21 A and 21 B 
established in the right and left of the base plane alpha. 

[0019]The total area which the gas stream through-hole 26a in a section vertical to the 
board thickness direction of the baffle 26 occupies is adjusted so that it may become equal 
by the right and left of the base plane alpha. If the total area of the gas stream through-hole 
26a is changed, the necessity of adjusting the flow of material gas G arises, and it is 
troublesome. Therefore, as for the total area of the gas stream through-hole 26a, it is 
desirable to determine that it becomes the same for the left and the right, and to design 
only on other requirements. Below, the example is shown. 

[0020] Drawing 5 is a mimetic diagram explaining the formation gestalt of the gas stream 
through-hole 26a in the baffle 26. In the baffle 26, while being formed so that the gas 
stream through-hole 26a may serve as the same number by the right and left of the base 
plane alpha, gas stream through-hole segment Seg1 and two or more kinds of Seg2 are set 
up as a set gestalt of two or more gas stream through-holes 26a. In the conventional 
example in drawing 5 , it is set up so that gas stream through-hole segment Seg1 shown by 
the meeting of the three gas stream through-holes 26a and gas stream through-hole 
segment Seg2 which are shown by the meeting of the four gas stream through-holes 26a 
may become symmetrical at the right and left of the base plane alpha. 
[0021 ]On the other hand, it comprises this example so that the arrangement of these gas 
stream through-hole segment Seg1 and Seg2 may become unsymmetrical about the base 
plane alpha. That is, in one side of the base plane alpha, it is constituted so that gas stream 
through-hole segment Seg1 and a far side may be set to gas stream through-hole segment 
Seg2 at the side near the base plane alpha. In the side of another side, it is the reverse. 
Thus, gas stream through-hole segment Seg1 and Seg2 are beforehand set up as a 
settlement of the gas stream through-hole 26a, and the formation gestalt of the gas stream 
through-hole 26a can be made unsymmetrical by arrangement change of gas stream 
through-hole segment Seg1 and Seg2. And if it is made such, a design and processing are 
also easy and the flow of material gas G can be effectively made into right-and-left 
asymmetry. 
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[0022]ln this embodiment, although the gas stream through-hole segment was provided in 
two kinds (Seg1, Seg2), it is not necessarily limited to this and can also define three or 
more kinds of gas stream through-hole segments. Therefore, in either right or left of the 
base plane alpha, so that the furthest gas stream through-hole segment from the base 
plane alpha may turn into the nearest gas stream through-hole segment from the base 
plane alpha, When the arrangement of a gas stream through-hole segment is reversed, it is 
good to constitute so that the formation gestalt of the gas stream through-hole 26a may 
become symmetrical about the base plane alpha. That is, it designs change the state where 
the position of the gas stream through-hole 26a becomes symmetrical to the base plane 
alpha, and 2 in the state of becoming unsymmetrical states, in an instant by easy reversal 
operation. If it becomes as the row of a gas stream through-hole segment is reversed from 
a symmetrical state, a design is very easy and the effect which makes the flow of material 
gas G right-and-left asymmetry can also fully be expected. 

[0023]For example, as shown in drawing 6 , the baffle 26 is not formed with one long board, 
The arrangement predetermined position of the baffle 26 in the vapor phase growth system 
1 is divided into two or more partitions, and it may be made to arrange removable 
individually in the partial baffles 261,262,261 and 262 in the form corresponding to each 
partition. If it does in this way, the position of the gas stream through-hole 26a can be easily 
changed only by exchange of partial baffles. This partition is good to make it correspond to 
arrangement of the gas inlet 21, and to provide, and good in this example to divide into four 
places like drawing 6 . 

[0024]Next, another gestalt of the baffle 26 is shown in drawing 7 . Drawing 7 (a) is the 
conventional example in which the gas stream through-hole 26a was symmetrically formed 
about the base plane alpha. First, in the gestalt of drawing 7 (b), the gas stream through- 
hole 26a which is in one side bordering on the base plane alpha serves as a form which 
moved in the direction which separates from the base plane alpha on the whole from the 
symmetrical state shown in drawing 7 (a). That is, when the virtual gestalt which becomes 
symmetrical about the base plane alpha is made into reference position 26a' of each gas 
stream through-hole 26a, in either right or left of the base plane alpha, the gas stream 
through-hole 26a is formed in the position shifted from reference position 26a 1 crosswise 
[ WL ] on the whole. Since it is exactly using right-and-left asymmetry when this example's 
also leaves the number and shape of the gas stream through-hole 26a as it is and shifts a 
position, the same effect as this embodiment shown in drawing 5 is acquired. 
[0025]ln the gestalt of drawing 7 (c) shown below, if the base plane alpha is separated, the 
gas stream through-hole 26a of one side is turned to the other side and parallel translation 
is made to carry out crosswise [ WL ] as it is, it is adjusted so that it may be in agreement 
with the gas stream through-hole 26a of the other side in general. If it says simply, the 
number and shape of the gas stream through-hole 26a will be left as it is, and will be made 
into right-and-left asymmetry by shifting a position. This gestalt is notionally included in this 
example shown in drawing 5 . 
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[0026]Next, what is shown in drawing 5 (d) is example of another which changed the 
number of gas introduction holes by the right and left of the base plane alpha. That is, it is 
divided into the side constituted from the small-diameter gas stream through-hole 26a by 
the gas stream through-hole 26b of a larger diameter the side constituted by the small- 
diameter gas stream through-hole 26a bordering on the base plane alpha. What is shown in 
drawing 5 (e) is example of another which changed the shape of the gas introduction hole 
by the right and left of the base plane alpha. That is, it is divided into the side constituted by 
the gas stream through-hole 26c which has rectangular pipe shape the side constituted by 
the gas stream through-hole 26a which has cylindrical shape bordering on the base plane 
alpha. However, also in which example of another, as mentioned above, the total area of 
the gas stream through-hole is adjusted so that it may become equal the left and on the 
right of the base plane alpha. 

[0027]Now, as shown in drawing 1 , drawing 3 , and drawing 4 , with the vapor phase growth 
system 1 of this embodiment, the gas guidance member 24 by which the gas guiding space 
24S was formed in the inside is arranged between the gas inlet 21 and the bank material 
23, at the same time the baffle 26 is arranged as mentioned above. As shown in drawing 3 , 
specifically, one pair of gas guidance members 24R and 24L which turn material gas G to 
the peripheral face 23b of the bank material 23, and draw it are arranged between the gas 
inlet 21 and the bank material 23 in the form distributed to right and left to horizontal-center- 
line HSL in the cross direction WLTherefore, the baffle 26 will be arranged between the 
gas guidance members 24R and 24L and the gas inlets 21A and 21B. Since the distribution 
channel of material gas G is separate by the right and left of the base plane alpha, it has 
structure which will not be mutually buffered by the time material gas G which passed the 
baffle 26 reaches the bank material 23. 

[0028]The gas guidance member side divider plates 34R and 34L are arranged at each of 
the gas guiding space 24S and 24S formed inside the gas guidance members 24R and 
24L. In the mimetic diagram of the baffle 26 shown in drawing 5 and drawing 7 , the dashed 
line parts 34R and 34L express the above-mentioned gas guidance member side divider 
plates 34R and 34L. That is, each of gas stream through-hole segment Seg1 shown in 
drawing 5 and Seg2 serves as a form corresponding to the gas guiding space 24S and 
24S. In the case of the gestalt shown in drawing 6 , in the cross direction WL, the above- 
mentioned gas guidance member side divider plates 34R and 34L are exactly located in the 
boundary of the partial baffle 261,262. The position is adjusted so that it may interfere in no 
gas stream through-holes 26a, 26b, and 26c provided in the baffle 26 with the above- 
mentioned gas guidance member side divider plates 34R and 34L. 
[0029]While the material gas G1 from the gas inlets 21 A and 21 B and G2 are drawn 
towards the peripheral face 23b of the bank material 23 through this gas guiding space 
24S, the gas guidance member side divider plates 34R and 34L serve as a form provided in 
this gas guidance member 24. As shown in drawing 4 , the gas guidance member 24 is a 
cylinder member made from quartz which has an oblong-like section which carries out an 
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opening to the gas inlet 21 and bank material 23 side, respectively, The gas guidance 
member side divider plates 34R and 34L are arranged in the form where the upper bed side 
and lower end surface of the surface plate 24b and the bottom plate 24a which have been 
arranged almost in parallel mutually are welded respectively, or the form by which point 
support is carried out. It can respond easily by exchange of the gas guidance member 24 
by arranging the gas guidance member 24 with which the gas guidance member side 
divider plates 34R and 34L were united removable to the main part 2 of a reaction vessel to 
change the position of the gas guidance member side divider plates 34R and 34L, for 
example. 

[0030]Next, the opposed face with the peripheral face 23b of the bank material 23 of the 
gas guidance members 24R and 24L is formed in the cylinder surface state corresponding 
to this peripheral face 23b. In the cross direction WL, the spacer 33 for positioning is 
formed in one to the package body part 2 among the gas guidance members 24R and 24L 
on either side. The spacer for this positioning can also be regarded as functioning as a kind 
of diaphragm. As shown in drawing 3 , between the bank material 23 and the gas exhaust 
36, the discharge side gas guidance member 25 is arranged. 

[0031 ]As shown in drawing 3 , it corresponds to each of the right-hand side gas guidance 
member side divider plate 34R and the left-hand side gas guidance member side divider 
plate 34L individually, and the gas inlets 21 A and 21 B are formed. Specifically, material gas 
G is led to the building envelope 5 of the main part 2 of a reaction vessel from each gas 
inlets 21 A and 21 B through the gas piping 50. The gas piping 50 branches to the inside 
piping 53 which supplies gas to the inner area in the cross direction WL, and the outer 
piping 51 which similarly supplies gas to an outside area, and enables it to control the flow 
of material gas G by this embodiment independently with the massflow controllers (MFC) 
52 and 54 respectively. Here, a hand valve may be used instead of MFC 52 and 54. The 
inside piping 53 and the outer piping 51 are further divided into the branch piping 56 and 56 
and the branch piping 55 and 55, respectively, and are carrying out the opening of the 
inside gas inlets 21 A and 21 A and the outside gas inlets 21 B and 21 B to both sides to 
horizontal-center-line HSL, respectively. 

[0032]As shown in drawing 3 , the bank material side divider plates 35R and 35L which 
divide the flow of material gas G into the peripheral face 23b of the bank material 23 with 
the form symmetrically distributed to horizontal-center-line HSL two or more [ in the cross 
direction WL ] are arranged. When material gas G 1 and G 2 run aground on the upper 

surface 23a of the bank material 23, they escape easily crosswise [ WL ]. Then, it has 
succeeded in preparing moderately the direction into which material gas G 1 and G 2 flow by 

forming the bank material side divider plates 35R and 35L with the gas guidance member 
side divider plates 34R and 34L mentioned above. According to this embodiment, the bank 
material side divider plates 35R and 35L are respectively arranged one place at a time 
about horizontal-center-line HSL at right and left in the cross direction WL. 
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[0033]ln this embodiment, as shown in drawing 4 , the notch 23k of the arch is formed by 
cutting and lacking the outer periphery part of the upper surface 23a of the bank material 23 in a 
concave in the opposite section with the gas guidance member 24. As shown in drawing 1 , 
the main part 2 of a reaction vessel consists of the lower casing 3 and the upper housing 4, 
and the bank material 23 is arranged along the inner skin of the lower casing 3. As shown 
in drawing 2 , the bottom 23c of the notch 23k serves as a form which is abbreviated-in 
agreement with extension of the inner surface of the bottom plate 24b of the gas guidance 
member 24, and plays the role of a gas slideway. And material gas G hits the side 23b of 
the notch 23k, and runs aground on the upper surface 23a. To the upper housing 4, for a 
start which counters the upper surface 23a of the bank material 23 The field 4a, The gas 
passageway 51 which has the step 4d which counters the side 23b of the notch 23k, which 
counters the bottom 23c as well as 4b the second page, and which has page [ third ] 4c, 
and has a crank form section between the notches 23k is formed. As shown in drawing 4 , 
the bank material side divider plates 35R and 35L are formed in the shape of 
[ corresponding to the gas passageway 51 ] an L character (or good also as a crank form 
gestalt prolonged in the upper surface 23a side). It can make the extreme bias of flow 
distribution hard according to this structure, to crush the flow of material gas G easily in a 
transverse direction, and to produce by passing the narrow gas passageway 51 of L shape. 

[0034]Hereaner, an operation of the above-mentioned vapor phase growth system 1 is 
explained. As shown in drawing 1 - 4, after setting the substrate W on the susceptor 12 and 
pretreating natural oxidation film removal etc. if needed, it heats to predetermined reaction 
temperature with the infrared heat lamp 11, rotating the substrate W. By the state, material 
gas is introduced at the predetermined rate of flow from each gas inlets 21 A and 21 B. 
[0035]lt is divided into outside gas stream G 2 which passes along the outside as well as 

inside gas stream G (j which passes along the baffle 26 and passes along between the gas 

guidance member side divider plates 34R and 34L, and material gas flows towards the 
peripheral face 23b of the bank material 23 further.Gas stream G 1 and G 2 which hit the 

peripheral face 23b run aground on the upper surface 23a of the bank material 23, flow 
along the main table side of the substrate W, and are collected and discharged by the 
exhaust pipe 7 through the discharge side gas guidance member 25. 
[0036]For example, if the formation gestalt of the gas stream through-hole 26a in the baffle 
26 considers the case where it is symmetrical thoroughly about the base plane alpha as 
shown in drawing 9 (b), Since outside gas stream G 2 hits the field to which the end in the 

cross direction WL is large, and it inclined to the peripheral face 23b of the cylinder surface 
state of the bank material 23, it serves as a form which escapes greatly outside. On the 
other hand, the thing which inside gas stream G 1 hits with the gestalt near the peripheral 

face 23b right-angled in the position which is not strong as for so much the inclination near 
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[ in the cross direction WL ] a center, The tendency which is going to go straight on from the 
escape to the outside being controlled by the gas guidance member side divider plates 34R 
and 34L and the bank material side divider plates 35R and 35L becomes strong. As a 
result, in the cross direction WL, a field with many flows and few fields will produce. Since 
flow distribution becomes almost symmetrical about the base plane alpha, on the main 
table side of the substrate which rotates to the circumference of the axis O, high flow rate 
parts on either side and low flow rate parts overlap, In epitaxial layer thickness distribution 
formed, as shown in drawing 9 (a), the big nonuniformity corresponding to gas mass flow 
distribution will occur. 

[0037]However, in the vapor phase growth system 1 of this embodiment, in the baffle 26, 
the gas stream through-hole 26a is formed so that it may become right-and-left asymmetry 
about the base plane alpha. Therefore, as shown in drawing 10 (b), how to flow through 
material gas G in right-hand side across the base plane alpha (horizontal-center-line HSL is 
included) and it in left-hand side do not become the same, and such right and left - there 
are few possibilities of suiting in slight strength or being [ weaken and ] by the right and left 
of the base plane alpha under unsymmetrical gas mass flow distribution even if flow 
nonuniformity will arise, if it grows epitaxially on the main table side of the substrate which 
rotates to the circumference of the axis O. Therefore, as shown in drawing 10 (a), the more 
uniform epitaxial layer of thickness distribution can be formed. 
[0038] 

[Example]With a diameter of 200 mm produced by CZ process silicon single crystal 
substrate W has been arranged in the vapor phase growth system 1 (EXAMPLE) shown in 
drawing 1 - drawing 4 , and drawing 10 (b). On the other hand, as a comparative example, 
as shown in drawing 9 (b), the vapor phase growth system provided with the baffle 26 with 
which the gas stream through-hole 26a was formed was also prepared so that it might 
become symmetrical to the base plane alpha, and silicon single crystal substrate W has 
been arranged in a similar manner. And it examined in the following procedure. 
[0039]First, after it energized on the infrared heat lamp 1 1 (refer to drawing 1 ) and the 
temperature of the substrate W became 1100 **, the natural oxidation film of the substrate 
W surface was removed. Then, the hydrogen gas which contains trichloro silane gas as 
material gas from the inside gas inlet 21 A and the outside gas inlet 21 B holding the 
temperature of the substrate W at 1 100 ** was supplied in the reaction vessel, and vapor 
phase epitaxial growth of the silicon single crystal film was carried out on the substrate W. 
The sum total supply flow rate of the material gas of the inside gas inlet 21 A and the 
outside gas inlet 21 B was fixed to a part for 50-l./with the value in a normal condition, 
various supply-flow-rate ratios of the inside gas inlet 21 A and the outside gas inlet 21 B are 
alike, change, they grow a silicon single crystal film, and chose what becomes the optimal 
[ thickness distribution ]. The silicon single crystal film was grown up monitoring thickness 
for the purpose of 6 micrometers in thickness. 

[0040]And the thickness distribution profile of the diametral direction of the obtained 
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substrate with a thin film, i.e., a silicon epitaxial wafer, was measured by the FT-IR method, 
and it plotted in the graph. A measurement result is shown in drawing 1 1 . That is, when the 
device of an example is used, change of thickness is smaller than the case where the 
device of a comparative example is used, and it turns out that uniform distribution is 
acquired at a glance. Although a silicon single crystal substrate 200 mm in diameter was 
used in this example, of course, an effect with the same said of a thing 300 mm in diameter 
is acquired. 



[Translation done.] 



http ://www4.ipdl.inpit.go .jp/cgi-bin/tran_web_cgi_ejj e?atw_u=http%3 A%2F%2Fwww. . . 7/1 7/2009 



JP,2003-168650,A [DRAWINGS] 



Page 1 of 5 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 11] 
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J9B2 3 btt, if-feT** l 2©«ttr-«*SLfcn«ffi« 

fc^ntv*. ftfc\ «8BJ2 3©rtinic»oT, £ 

Wc^^tl^iiffl©^'J>^2 2#Eg£*U * 
©rtfiJEEfi«nS"9-b^ 1 2©±ffil 2 atf, 
i'J^2 2©±!2 2a (02#H) £ Pf&IlD-® h ft 

Co 0 l 6] ftfc\ *HSiiJBf£©MtBJiKfigB l K&^ 
Tit, EfSSB*{*2©B-Jfiffl|5 3 lJb^-9-b^ 1 2 
©[slSg$fiii£0 LTSf-^SP 3 2 fcSSKfctfX G 
©an^lRltJftofeils^Wftefii^TkVSqiBH S L 
i:-TSo fit, TkTOMSHS 1 2©IH 

$ 6> JC, * WP«H S L %#*iif 7d [r]W L fc£uSfc¥ 
ffi£®£¥Mai:£ft-f5o -TftfrS, 01i3<fctf02 

itmm^m a rconmm&^m 1 ©»f®0*^-r t ©t- 

C0 0 17]^T, 03t^-ti-5tC, *"XiAP2 1 
A, 2 1 BkSSPt#2 3i:©|IBta:, H^XG©8S1 
S^i:^SA*7 l ^a?L2 6 ajWB)SSnft^y7^2 6 
ffEBSftTVSo **^?®i?L2 6a«, Jl^A'XG© 

K^x^mmtr^iioK^^nx^ (04 

A 7*^4 t S*¥® a ©£fiT*ra-mrR) ft S d 
^itfiBBTS. *5rnif, xtf**->*;Uj&l^© 
SffiW«-9"-fe7'^ 1 2t±oTlsHgSl**nTl^fe 
it), fe&©85MA7*«ft5«l£fcS-3<**ft]iPg 

#«4i:ft<fts= 

CO 0 1 8] 0 4^-ri-5t, Ay7;l/2 6(Jfi«iO 
KM*ML. **X?5itji?L2 6 a (i, 8*¥ffia©fefetc 
*tt^ft«»fflro{&Bf S <t 5 / S -y 7 ;P 2 6 K J&fct. 

EEB*n5-tt©5S«SSaW*^->'7;l/2 6 i: L 

fc**7x«AP2 1 A, 2 1 B©^-n ; fntC > BgiJtWJiS 
■f LTIEH-r S C 1 1> »jmx-&Z>o 

[0 0 19] A-v7;V2 6 ©«JPTj l&lKSilft 

Kffitc43^5**7xj5Si?L2 6 a©^*S^tf®a«, S 



(5) 
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# 2 6a VSitWmtttm- t&Z>£.o ic^. 

*©ffi©Bft©#?Kfi-*?Ta3©#S£U\, W 
Tic, *©a{*W*3*-r 0 
[0 0 2 0] B5& ^-y7;l/2 6t^?>**X!5Sui?L 
2 6 aOJgjjagJ|*KWr*«SHT?feSo /<»7*2 
6£fcl^T, tfXgfiKU 6 a(t S*¥ffia©;£:&T* 
RI»fc4«J:3t»»S*n«-*, «»©#*«BI?L2 10 
6 a Oj|-&}BI8fc LTtiXffiMIU*?* > h S e g 1 , 

5 e g 2*<BSagBK£S*i3. 0 5«f©Se*Mlc^> 
TH\ 30©#X8BHl2 6 a©jfc$t>T?*2tiSjff;* 
863i?L-fe^>h S e g 1 i:, 4 0©#7sgiBi7L2 6 a 
©B*!)?**ft3;&;*«6RL-te^>'hS e g 2 fctf 

[0021] dfc&, *Httfl-?tt« *n5#*»si?L-t 

W^hSegl, Seg2 ©E5U#a*¥ffi a KH L 

®a©-7?©1M KfcfcV^Tte, SP¥ffia CifiVfflOK 20 

^>hSeg2fcftSJ:3fc«jfi;£n-rvS. ffc£© 

il?L2 6 a<D£t% *) tL?1JZffi&Mz#2yh S e 
g 1 , S e g 2*^i6RSLTfe#, **XgfcI?L-tr 
>T S e g 1 , Seg 2©EBKH£«fcoTs **7.ftul 
?L2 6 a©»jS»!B*#j^fcf SCfctf-etS. 

So 30 
[0 0 2 2] *HS£^«lT*tt, **XjjiBI7L-ti^ 
>Ki2ii (Segl, Seg2) tS»ft^ Cti 
£Hj££ft£fcttT*«fc<> 3fflg|«±©#Xjftii?L-fe 
y^>h*)£»*Ci:fet5o ftoT, S35¥tga© 

ii?L-b *V f h tfaWB a fr&«t,itt^#*a6Kl/fe 
0, #*«BIfl,2 6a©ffiB#SWBafcttLT;^ 40 

G ©*n*£*f*«»K:-r So 
[0 0 2 3] H6t^-TJ:5fc, '*y7)l2 

6 * i ft<ofi£T-j£firr so-ptt* < , ^m&mmw 1 

fcfetf Zrt V 7?V 2 6 ©EB^£ffiB*B»©><— r * 
^7 7^1/2 6 1, 2 6 2, 2 6 1", 2 6 2' £<SgiJ 50 
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$mH2 6 a©fil^IftSo &:fe\ cl©^— f-f 
v'ayti, *f*»AP2 1 ©EB£JffSS-&T»»*S© 
*U < , *HB£0!IT*«B 6 ©J: ? £ 4 BBffcEWS©** 

[0 0 2 4] B7£, /W7;U2 6©aBBB*3* 

fo ft*, 0 7 (a) tt % jff^ifiii?L2 6 a^SWffi 

atHLT»ftk:jB*snfcfle*figTa&*„ s?\ 07 

(b) ©JB»T?tt, B7 (a) fc*-r£«*»fctt»fr 
5n iPP¥®a*«k:— *BJcaB43ff^affl3L2 6 a 

ftoTt>5 0 Ot^ SWfiafcHLTfc&ftffcfcfc 
Sfie&BBfc&JffxaBKL 2 6a ©»*&» 26a' t 
Lfcfc*, ^P¥ffia©iE^>m^lC*U^T, »P<4 
B2 6a' ^5B^ilRlWL'\±*W»CS/7hLfeffiBK: 
#*8iBI?L2 6 atfJ&SttlTV^So £©fi«fe, 
iI?L2 6 a ©»*#««*©£ S£U fiS^T 
h£ioT££2Ettmc1-Sct£ffi&££to©T\ 0 

[0 0 2 5] ^£^-TB7 (c) ©©Bfcfcl^Ttt, £ 
*¥ffiia*MTT-£B©#xaBl?L2 6a*, ffi£« 
fcfattT«;&ftWLfc*©$3:¥fT»ft£-&3i:» ffi* 
«©#X»6I?L2 6 alcftta— 5 KMBSftT 
B¥fcV>5 t, iSX^mH2 6 a ©»*}&««:*■ 
©SSKU ttBfclT&TCfcfcJoTfeWBHftlcT 
So c©»«tt, ^ft£«0 5£^Lfc*flfi&0!)£^ 

[0 0 2 6] H5 (d) fcjjVT©!*, **XSA?L 

©a*a*P¥iia©iEfeT?aft&*fe9JtWT*«. -ra 

l¥¥Ia^lE> 'g/|N©3ff7.aGi?L2 6 aKi 
oTBja^tlSBi:, ^©S/jN©A*Xj5iia?L2 6 ait) 
feSA©**xgiui7L2 6 blcktjTftSSnsMfced 
A^nTl/^o B5 (e) K^T©ti, **7,^A?L©^tt 
*aqPFSia©fc&T?Ba:5-arfcaie!I-PJB*. Tftfc 

mH2 6 c t ioTii* *l5«fct^nT^5. L 

^tft^e>, SuKELfcfc^t, i/^n©gije>jfc*i,^Tt, 

**XSBi?L©^ftSa«S*Tffi a ©££££ T?^ L < 

[0 0 2 7] ±E©«t5fc^y7;l'2 6* t EB* 

tiStra^t, IK B3*<J:tfB4£^-r«k-7C, * 
*B«l8©»fflfiRfiSB 1 T*l±, rta5£*-7.^F t 9^P^2 
4 S*^^nfc**X^[%gPM2 4*^X»XP2 1 £ 
«8B*2 3fc©IHfcEfiS*i*. a<*W£t±x H3K^ 
Tcfc-Mc, B838rXG*«a5S2 3©^Bffi2 3 btlRl 
*tTB< 1 W©**X^F , 3gi202 4 R, 2 4Ltf, «^|rI 
WLlC^^TzkWPttH S LKWLfe&fcfiDtfttfc 
JBfcT, **7sjgAP2 l i:SgP»2 3 fc©B»«:EB?n 
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TV*. ftoT, ;W7;l/2 & \&-fi7.nfiffl>tt2 4 R, 

2 4 Lhi57.mXm 1 A, 2 1 Etomic&wztiz 

#x Gtfsaw* 2 3 ta-r ^ sTts^^aHiL'&fcft 

[0 0 2 8] #X*rta$#2 4R. 2 4 LDftflllC&jft 
*ftfc#X36rt$IHl2 4 S, 2 4 
!*3»tf«!ltW!Jfi3 4R, 3 4 LjtfEHStlTVS. B5 

HSIS 3 4 R, 3 4 Ltt, ±jE^*rt«J^ffil{W!Ifi3 4 
R, 3 4 L^LTl^. B5£^Lfc#7.??it 
iKL-fe^yhS e g 1. Seg20M(i, A'X^rt 
SBB2 4S. 2 4 Sfciti&LfcJBfcar-alV*. B6tc 

l, 2.6 zemcs rm. jjEjffx*rtaw«tt«S3 

4R, 3 4 L^fitg-TSo /<y7;l/2 6K»»J6n*^ 
T©;ff*«BI?L2 6a, 26b. 2 6c(i, ±K#*3S 
rtWttfHtt«fi3 4 R, 3 4 LfcT^LfcVvkdfc*-© 
ffijt*HH»*n*. 20 
[0 0 2 9] fiXm\a2 1 A, 2 1 B frZ OMR #X 
G 1 , G 2 £ (Dfixmftgm 2 4 S fc&TSBPt* 2 
3©ttHiS2 3bK:ftttT»&*iSfcfc&£» tfXHft 
aW«tHZMfi3 4 R, 3 4 LttC0J&X3l?|*g8Wf2 4 £ 

rt8M*2 4tt, #x»ap2 lfjfcssi&^sfflifcfcs- 
#*JKfcaMfl8lti3Ufi 3 4 R. 3 4 Ltt, SlHCBS 
¥fflcEBSnfe±ffiS2 4 b £T®1£2 4 a £:©±S 

»KTE«SnT^«. ^^*rt»ttfiBtt«S3 4 R, 

3 4 L#-fWfc*tlfc;tr**rtaMf 2 4*. SJfc^Si* 

*fiSWJ«tW!JS3 4R. 3 4L©ffiB*«Mbfc^ 
*ttt, #XJKrta*2 4©3^£±?>li¥fc#j£*3 

[0 0 3 0] #*3SrtaW* 2 4 R, 2 4 LO» % 

at» 2 3 o^Hffi 2 3 b t © ttfaw it. &ftmm 23b 

Lttet^T, fc&©#X^F»3gB# 2 4 R, 2 4 LOSt 40 
H\ ffiSft*6/B©X-<— 9-3 3*»««*»8»21C»LT 

5o $fc H3ts-r«k3t, saw2 3i:**xfitaip 

3 6 fcOHttt % Sfa«^X36rt«SJtt2 5#EB£ftT 

[0031] H3t^-r«i:3t, &flo#;*srtflsttfi 

3 4 R fc£ffllOj!f^JErtStf«Itt««3 4 L £© 
*ft*ftKffiBUK»*£L.T2f;*»AP2 1 A, 2 1Btf 
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5 0£fiT&#X^XP2 1 A. 2 1 B*»e>Ej£S«* 
tt2©rt»«£IB!5fc:»b»ft3o *Hfl9B«-e(i, #XE 
W5 0«, IB^lRlWHC*^5rtiJffilSt**XJ&ttl&-r 
3 ©JEW 5 3 t x 1*0 U < fttiHHBlc ?ffx*ttie-f 3 n 
flOE*5 1 fcfcSHSU #«HWXGOi!itM> 77 
7n-nyhD-7 (MFC) 5 2, 5 4 t«k ?>3fcft£ 
®ISlT*t*iotbTl^o CET', MFC 5 2, 5 4 

5 3fc«fctWMBEW5 1 It. ^n^n^KESS 6, 5 

6 «fc tf#«EW 5 5, 5 5 * S lc#n, 

H S Lt^L-TM®Jt^n ; fnF t 9fJl^7.«AP2 1 A, 

2 1 Afc<fctffl.{l!l#X£AP2 1 B, 2 1 BfcBflPLT 

[0 0 3 2] H 3 t^f «fc 5 taif2 3 0^ffi2 

3 bICtt, 7k¥£V8H S L£ttL££#».fcfi!>#W- 
fcJ&tT, JH8ifXG08Kn*«^riRlWHi:fettsa» 
fflBrfcT^S«8BMMt«J«3 5 R, 3 5 L#EB£ 
nTV^So iim#XG, , G 2 ti, «8Bf2 3©±ffi2 

T\ tuMLfc**7.^rtgPW<l!l{±^«3 4 R, 3 4 L £ 
fcfc* £BBrtBtt9J«3 5 R, 3 5 L*8#5C fcC <k 
D, HifttfXG, , Gz <DffitlZlilP)Zmmz&7L2>Z 
fctJ*S|LTV*. *HStegJfiTtt, ffiBW0J{t««3 
5 R , 3 5Lli s ftW L E43(,->T#WMftH S L 

[0 0 3 3] *^J6^tfc^Tti> H4fc3*-r«J:5 
£s «gp«2 3©±ffi2 3 a ©^^^g?^, ^XlSrtgP 
M2 4 i:oWiRiElfflKfei/^Tiattt«>?^< ctlci.*) 

SJ6S«*ft 2 TSP^r-X 3 ^igP^-X 4 
*»54»3» SSB#2 3»4TS^r-^3©rtHcBK:?S-3T 
El?tlT^5, mZlC^t^oK, «^«P2 3kOJS 
®2 3 cli, **X^f*ggPtf 2 4©T®S2 4 b©ftE© 

jRfc-fo ^LT, H^XGtt^gP2 3 k CDMS 2 3 
bt^fcoT±ffi2 3 a£iH»)±tf£o ^fe, ±gp^- 
X 4 EH\- 2 3 ©±ffi 2 3a tWlfOl" SS-ffi 4 

a ^35 2 3 k©iJ®2 3 b(C»(S|t^Zffi4 b 

t. m\z <g®2 3 c tttiRpf agin® 4 ch**-r§ 

©a54d*^L, «J^»2 3 kfc©MKl^v^^«OBf 
®£WT3#Xiig§5 l^^LTl/^o H4t^f«t 
ot, Sg|5tfiltt^«3 5 R, 3 5L«, #xag§5 1 
fcWJiSLfeL^tt Gfc£VHi±®2 3 ailST'MD*?.^ 

•5>'^tt^i:LTt<tt / ^) tjgfig^nTt^o atom 

[0 0 3 4 ] J-XT> ±f5^fflfiicfiSS 1 OfffflfCOVT 
Si^-r?>o Hl~4t*TJ:3»Cs ^-b^^ 1 2±tS 
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&W£-b 7hU C g &lMU^#©tMa31 

#7,«AP2iA, 2 l Bfr&flG8#*%ffi£©HBtlc 

[0 0 3 5] RBjfttt, ;<»7*2 6*a»), 
rtSWf!ltt«S3 4R, 3 4 LOB^ilSrtfiO^XjjSG 
. fc.igc<*fll*a«;MI*f;U!tGi ttctt^^n 
T\ * e. 2 3 ©Jiflffi 2 3b fCfittTiffin*. 

flJSM2 3 MC^fcofctfXfftG. fiitfGi tt> £81! 
tf 2 3©_hffi2 3 afc«t)±tfT, SffiW©±Sffi£?G 
o TjfitU SttBfflSjff^JSrtatB 2 5 *STj#me 7 

[0 0 3 6] mz.ll, 09 (b) CjSf.fcSK, ;<»7 
)l>2 6fcfcttS#X»6EL2 6 a©$A«tttf* P¥ 
® a £H LT^KSfMcft o T^**£*%*. 5 
WMZftiG 2 &ii3M*2 3©RfSiB:R©*W3ffii2 3 b 
fcftU «£ftWLfcfctt«^©**<1Jlt,\teiBK:MS 

«»©3S<fti/M&iIfcTttJlfl52 3 bfcilfclcifivflag 
fcTSftiCkkx *X*rt»»iMt«S3 4R, 34 
L $ «t tflfgWf fflftSJsE 35R, 3 5 UC <fc t) fl-HK© 

aitf^aisij^nsti:*^, iBJiL«t3fc-rs<siRi3wa 

ffiaeWLT«J£^tt&£ft5fr£, AHgOJ9 9tciaI 

;WI©JSS*tf&E»J, 09 (a) %7M 
*#fcfc»£Lfc**ft2x7:b^£*SCi:i:ft3o 
[0 0 3 7] LfrLft#e>, #»g*i©fiffi$S2tB 
lfcfc^Tfct, 6 tfcfT, #7sftBI?L2 6 

nti/^o ^©fcft. 010 (b) K^Ti-Mc, £9 
¥Io (*¥»M>HSLfc^tr) *»A/P:&«l!lKfett 

ft&ftl,\, ^bT, £©£?*£:&#***#*«*# 

t x a£P¥B^©;fc&T!S&^ofct>13»2&ofc 

fct, 010 (a) M 

»»w©i?)^-4xt:**s/+;i/Jl*^i«-ptSo 

[0 0 3 8] 

[HMJ] CZSKit) tt« LfcSg 2 0 0 m m© -> 'J 
s^JjifeSattW*. 01~04 33il>*01 0 (b) £ 

1 mmm) ftfcEUbfc. jt 

KWtLT, 09 (b) t^-Tidt, SHiTflBaKtt 
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©¥J©T-fT-?fCo 

[0 0 3 9] **HainJ»7>yi i (0i#«O 
ta«u s«w©iss# 1 i occfcftofcftKs s 

«WSffi©SM&{t^£l&iLfco ^©&, g&W©& 
1 1 0 0^c£MLfc£3;rt#J|#X#AP2 l Afc 
<fc iWMSjff 7x#AP 2 1 B 6. RB2f* £ LT h U * a 

T, 3S«W±E ~> y 3 >J»£g8lg«a[ffix £ * * > * 
10 ;l/j£SS-&fc 0 ft* % rtfflW*»An2 l AfcJMItf* 
#AP2 l Bfc©JS««x©#ttfltt6a«tt, WMftl 

#7.#AP 2 l A £fti!l#x>SAP 2 1 B k©fltt&«« 

tttta«fcje*Ts/u 3>*tt*wi©j«ft*ffv\ k 
-> u 3 yjusAgHajp? 6 /i m% as t it> mm* 
[0040] f Ltv #e>nfc&istt*©s«tftfo-5 

20 ^7*D77^MFT-I RS^ckOfflSU 7*57£ 

«s«a©sii*fflu^a^tt. tktMw©sai*fflt^ii^ 
± *) t>mme>m.®&'te < . ^-ft^w#e.nT^i» 

Cfctf-HLTtofrSo ft^ *HfiSWlT*t±ilS2 0 0 
ramoyj 3 y^HSffi^^ffi Lfc^ 113 0 0m 

m© t ©fcov vc t isnt©%m^# e,n§ci:ttfe^5 
[0ffi©ffi*ftSiBj] 

[0 1 ] *5H8©»ffi«fiatB©-W*^-rfflfliS»fi5 
30 0 O 

[02] 01©ga5^ffiALfcW®0o 
[03] 01 ©¥®0. 

[04] ®i{omw<Dm®z-®mx^T7ji?%®® 

S0o 

[0 5] /W7;WC£tt3**X^?L©^Mi*iaBJ? 

-rs*iS0o 

[06] /^y7;i/%«a&w«-e»i«-rs»&©«s:H. 
[07] xximKiDmmmvMMzmmtzmsm 
[08] R«ai«©ji.jiiiii*w-r*a»«©raHjS*» 
40 wtzm 0 

[09] *xSiBl?L*iE««S;tjg«b/£:»^©raHjS 

*^-r^0 o 

[011] lltt«l*J:lfit«(M©*l«B*-p**l»P» 

*©»ise***'r^7 7. 

1 MffifigS^g 

2 E*S8«*fl: 
50 5 rtgfl£B§ 
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1 2 +H*y* 

1 2 a V-tZftUDtM 

2 1 #X2»AP 
2 3 it§fS0 

2 3a *lgP#<OJ:ffi 

2 4, 2 4 R, 24L #XflrtgB# 

2 6 A>^7;1/ 

26a, 26b, 26c A'XiJiuiTL 

3 1 Sg-Jj 
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* 3 2 sg-agsSB 
3 6 xxmtton 

S e g 1 , S e g 2 fiXffiMIUl?* > Y 

W W& 

G 

0 glfEttft 

hsl Tk^mmm 

WL tt&A 
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